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(54) Title: LABORATORY SAMPLING PROBE POSITIONING APPARATUS 
(57) Abstract 

A probe mounting and positioning mecha- 
nism in automated clinical laboratory testing in- 
struments comprises a probe supporting arm (12) 
which is mounted, adjacent one end, on the top of a 
support column (1 1) and at the other end supports 
a probe (13). The column (1 1) is moveable up and 
down in a frame (14) which is itself mounted for 
pivotable movement whereby the probe arm and 
hence the probe may be positioned to obtain and 
dispense biomedical samples. The probe (13) is 
mounted on the arm (12) via a probe mount (20) 
for limited axial movement relative to the arm by 
means of parallel leaf springs. The arm (12) is 
mounted on the column (1 1) by a dislocating joint 
which is held together by a spring (19). Movement 
of the probe relative to the arm or dislocation of 
the joint during collisions of the probe or arm, are 
detected by respective optical sensors. 
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TITLE: L 




TORY SAMPLING PROBE POl 




ONING APPARATUS 



This invention relates to sampling probes in automated clinical laboratory 
testing instruments and more particularly to a mechanism for accurate positioning of a 
5 sample probe in such an instrument. 

These instruments typically perform a range of standard clinical tests on 
biomedical samples such as blood serum, plasma or urine and operate by combining 
accurately measured quantities of sample with accurately measured quantities of a 
chemical reagent and monitoring the reaction products using one or more possible 
10 detection techniques. Samples and reagents are typically presented in racks, carousels 
or trays of some description and may be accessed randomly by the probe that 
withdraws accurately metered quantities of fluid and transfers this to a reaction or 
measurement location. 



15 from approximately 2 to 15 mm in target diameter. Similarly, the access holes in the 
reagent containers may be 10 to 20 mm in diameter. 

Such instruments are normally intended for very rapid sample test throughput 
and may achieve from 200 to 2000 tests performed in an hour. To achieve this, the 
sample probes are moved at very high speeds by robotic mechanisms that must 
20 achieve rapid and accurate positioning in both horizontal and vertical directions. 
The requirements for such a positioning mechanism would include: 
1. The ability to position the probe over a nominated target position to a 
tolerance of about ±0.25 mm or on occasion significantly better. 



25 tolerance of ±0.2 mm or better. 

3. The ability to move and stop rapidly without undue disturbance to the fluid 
being transported, such as loss of fluid through undue vibration. 

4. Provide the capability to position the probe oyer a number of pre-defined 
stations, which may be sample cups, reagent containers, reaction vessels, cuvettes, 

30 washing stations and the like. 



Samples will be typically presented in test tubes or cups that may vary in size 



2. The ability to position the probe vertically to a target nominal height with a 
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5. The ^^ty to move between specified posi^^ or sampling stations in 
under typically 0.5 seconds. 

In addition, it would be normal that the mechanism provide: 

6. A means of sensing the fluid surface and stopping the probe tip at or just 
5 below the surface. 

7. A means of sensing an obstruction below the probes such that when the 
probe contacts an unexpected obstacle, such as the bottom of an empty test tube, 
downward motion may be halted to protect the probe. 

In general it has not been usual to provide the mechanisms with protection 
10 against collisions in other directions. 

There are a number of shortcomings with existing technologies in this area, 
including the following: 

1. These mechanisms are typically very expensive to produce as they often 
involve precision engineering to achieve the positioning tolerances required. 
15 2. Typically they are quite heavy as a result of item 1 and require significant 

forces, (motor sizes) to move at the required speed. 

3. Also as a result of 1 and 2, a collision with an unexpected obstruction while 
travelling at high speed results in physical damage to the mechanism, or at best 
misalignment such that positioning accuracy no longer achieves the required 

20 tolerances. 

4. They are typically not robust against wear, dirt etc. that may impact their 
ability to maintain performance in the longer term. 

5. They require lengthy precision factory alignment before use, and this 
alignment may be difficult to reproduce in the field when service is required. 

25 6. Sensing collisions with obstructions under the probe ("crash detection") 

involves the movement of a significant mass, typically involving the probe, its support 
arm or structure and an attached sensing mechanism. At the speeds involved this 
imparts a significant impact load to the probe tip and may cause damage over time. 

Accordingly, it is an object of this invention to provide an improved mounting 

30 and positioning mechanism that overcomes one or more of the aforementioned 
shortcomings of the existing mechanisms. 



WO 00/02030 PCT/AU99/00521 

3 



o^fee invention provides a probe mounti^P^ic 



Therefo^roe invention provides a probe mountm^md positioning mechanism 
in automated clinical laboratory testing instruments, said mechanism including a probe 
supporting arm, a probe mounted on one end of said arm for limited longitudinal 
movement relative to said arm and a sensor for detecting occurrence of said 
5 longitudinal movement 

Another form of the invention provides a probe mounting and positioning 
mechanism in automated clinical laboratory testing instruments, said mechanism 
including a probe supporting arm extending substantially horizontally from the top of 
a support column, said arm being connected to said column by a dislocating joint 
10 whereby collision forces on the arm, or on a probe extending from said arm, cause 
dislocation of the joint and said joint including means to facilitate ready relocation and 
consequent alignment of the joint. 

In order that the invention may be more readily understood, a particular 
embodiment will now be described with reference to the accompanying drawings 
15 wherein; 

FIG. 1 is a perspective view of a probe mounting and positioning mechanism 
according to the invention, 

FIG. 2 is a view similar to FIG. 1 but from the opposite side, 
FIG 3 is a perspective view on an enlarged scale of part of a probe mounting 
20 and positioning mechanism according to a second embodiment of the invention 

and, 

FIG 4 is a perspective view from the opposite side of part of the mechanism 
shown in FIG 3. 

Referring now to Figures 1 and 2, the mounting and positioning mechanism 10 
25 consists essentially of a support column 1 1 , a probe supporting arm 12 and a probe 13. 
The support column 1 1 is mounted vertically within a frame 14 which is separately 
mounted for rotation on a main machine frame (not shown) whereby actuation of 
stepper motor 15 causes the frame 14, and hence the support column 1 1 to pivot about 
longitudinal rotation axis 16. Vertical movement of the support column 1 1 within the 
30 frame 14 is controlled by further stepper motor 17 via belt drive 18. 
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o^^upporting arm 12 is mounted at one ^^o 



The prol^upporting arm 12 is mounted at one e^of the arm onto the top of 
the support column 1 1 by a dislocating joint which is displaced if a collision force 
occurs on the arm 12. The two parts, that is, the supporting arm 12 and support 
column 1 1 each have a flat surface where the two parts mate and although it is not 
5 clearly evident in Figures 1 and 2 the flat surface of the supporting arm 12 has three 
hemispherical protrusions two of which are located in corresponding recesses in the 
flat surface at the top of column 11. The third protrusion is the head of an adjustable 
screw which bears on the flat surface at the top of the column 11. The shape and 
location of the recesses (not shown) is such that the supporting arm 12 is positively 
10 and accurately located relative to the column 1 1 and a retaining spring 19 holds the 
two parts together. Should a collision force occur on the arm 12 or the probe 13, the 
hemispherical protrusions are cammed out of the recesses and the joint dislocates 
thereby avoiding any damage to the mechanism. 

The probe 13 is mounted at the other end of the arm 12 in a manner allowing a 
15 small vertical movement of the probe 13 relative to the supporting arm 12. The 
mounting arrangement of the probe 13 comprises a probe mount 20 which is 
connected to the arm 12 via parallel leaf springs 21 . The leaf springs 21 are connected 
to post 22 which is mounted on a lower flange 23 of the arm 12. The springs 21 are 
spaced apart and essentially form a parallelogram mount that maintains the vertical 
20 alignment of the probe while allowing several millimetres of vertical movement to 
absorb any shock during a collision. In other words, the probe mount 20 is able to 
move vertically up and down a short distance on the springs 21 whilst maintaining 
vertical alignment. The springs 21 work against each other to produce a net 
downward force on the probe 13. This force is well controlled and almost constant 
25 over the distance of travel of the probe mount and allows a simple and quick assembly 
without spring adjustments to achieve a working force within a specified range, 
typically 40-60 grams. 

Although it is not clearly evident in figures 1 and 2, the upper leaf spring 21 
extends beyond the probe mount 20 and has a downwardly extending tab at its end. 
30 The tab (not shown) breaks the beam of a first optical sensor 27 which detects when 
there is any vertical movement of the probe 13. In this way a collision between the 
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l^mexpected obstacle, such as the bot^^ c 



probe 13 and aWmexpected obstacle, such as the bottOTT of an empty test tube, is 
detected. In this manner downward movement of the probe may be halted to protect 
the probe. 

In a similar manner, the opposite end of the upper leaf spring is extended to 
5 provide a collision sensor flag 24 for a second optical sensor 25 that is positioned so 
that any movement of the arm 12 from its mount, that is, any dislocation of the joint, 
will be detected due to the upwardly turned end of the upper leaf spring either moving 
into or out of alignment with a beam of the second sensor 25. This movement of the 
collision sensor flag 24 occurs due to its mounting on post 26 which, through an 

10 aperture in the arm 12, is mounted on the top of column 1 1 . 

Figures 3 and 4 show a further embodiment of the invention which in principle 
of operation is the same as the embodiment shown in Figures 1 and 2. The larger 
scale of the drawings enables this second embodiment to be seen more clearly and 
those parts which are the same or similar to parts in the first embodiment have the 

15 same reference numerals. 

As is evident in Figure 3, the probe mount 20 is arranged at the distal end of the 
leaf springs and the tab for breaking the beam of first optical sensor 27 is an 
upstanding tab 28 located on the lower leaf spring 21 between its fixed mounting point 
(bolt 29) and its distal end 30. A printed circuit board 31 with circuit components is 

20 attached to the probe mount 20 between the leaf springs and moves up and down with 
movement of the probe mount 20. The first optical sensor 27 is mounted on the 
underside of the circuit board 31. 

Acpost 32 is fixed to the top of support column 1 1 and bears on the underside 
of a cantilevered extension portion 33 of upper leaf spring 21. The upper leaf spring 

25 21 is fixed to the probe supporting arm 12 by means of bolts 34 and 35. It will be 
evident that any dislocation of the joint between arm 12 and column 1 1 will cause the 
arm to be raised relative to the column whereby the post 32 will move away from the 
underside of the extension portion 33 of spring 2 1 . This causes tab 36 at the end of the 
extension portion 33 to move down and into the beam of second optical sensor 25 

30 whereby the beam is broken and the dislocation of the joint is sensed. The second 
optical sensor 25 is mounted on the arm 12. 
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iP^vv to Figure 4, the joint between the c^^i 



Referrinjprow to Figure 4, the joint between the column 1 1 and probe support 
arm 12 is shown more clearly. A plate 37 on the top of column 1 1 has an elongate 
hole 38 and a further hole (not evident in the drawings) which is a circular hole. The 
circular hole is in line with the longitudinal axis of the hole 38. A protrusion 39 on a 
5 plate 40 forming part of the arm 12 is accommodated in the hole 38 when the joint is. 
properly located and the protrusion 39 is prevented from transverse movement 
(relative to the longitudinal axis of the hole) in the hole. A similar protrusion (not 
evident in the drawings) is located in the circular hole and thus between the two 
protrusions and two holes the arm 12 and column 1 1 are positively located relative to 
10 each other. The purpose of the elongate hole 38 is to allow for manufacturing 
tolerances. A further similar protrusion (also not shown) on the underside of plate 40 
is the head of a screw and bears on the top surface of plate 37. This further protrusion 
is adjustable to allow levelling of the arm 12 relative to the column 1 1. In other words 
the arm 12 is effectively supported at three points (the three protrusions) on the plate 
15 37. Spring 19 holds the joint together except when collision forces overcome the 
force of the spring. 

The above description covers the items essential to the probe mounting and 
positioning mechanism of the invention. Those features not specifically described will 
be readily apparent to persons skilled in the art and do not constitute part of the 
20 invention. 

It should be apparent from the description above, that the mounting and 
positioning mechanism of the present invention addresses a number of the 
shortcomings described above in relation to existing mechanisms. The present 
invention incorporates a number of design features which provide advantages over the 

25 prior art. For example, the feature of vertical "crashed detection" provides sensing 
through movement of the probe itself and its immediate mounting support, rather than 
relying on transmission of the motion through the probe arm support and other 
massive interconnections to a sensing device. The unique mounting arrangement 
maintains extremely stringent positioning accuracy while dramatically reducing the 

30 impact load during a crash. 
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Where raBitionally the probe body would be mOTmted rigidly to a supporting 
arm and structure, all of which must move in the case of a collision, the present 
invention employs two parallel leaf springs to support the probe independently of the 
main arm structure. The probe mount is supported against lateral movement to 
. 5 prevent distortion of the springs in case of a sideways collision. As a consequence, the 
present invention incorporates reduced fabrication complexity, a set up free assembly 
approach, reducing assembly time and costs and reduced costs of materials. 
Furthermore, the mechanism of the present invention is extremely robust against 
degradation of performance through wear, dirt etc and provides improved lifespan for 
10 the probe due to decreased crash severity. 

In addition, the unique dislocating joint which has been incorporated into the 
probe support arm, connecting the arm to its mounting column, provides 6 degrees of 
freedom for protection of the mechanism against damage through collisions with the 
probe and its supporting arm while moving in any direction. The new mechanism can 
15 collide with an obstruction during any motion, or be struck from any direction, 
without permanent physical damage or misalignment requiring service intervention. 
Therefore, the joint mechanism also provides protection from collision in any 
direction, automatic sensing of collision thus enable error reporting and simple 
assembly procedure. The mechanism is resettable to a tolerance of ± 0.1 mm in ten 
20 seconds without the use of tools and again involves extremely low cost materials 
which do not suffer from wear. The design may be manufactured completely from 
sheet metal fabrication and requires no -casting or precision finishing, which is 
common on similar prior art mechanisms. 



25 



30 
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THE CLAIM^EFINING THE INVENTION ARE ^FOLLOWS: 

1. A probe mounting and positioning mechanism in automated clinical 
laboratory testing instruments, said mechanism including a probe supporting arm, a 

5 probe mounted on one end of said arm for limited longitudinal movement relative to 
said arm and a sensor for detecting occurrence of said longitudinal movement. 

2. A mechanism according to Claim 1 wherein said probe is held in a 
probe mount that is mounted on said arm in a manner facilitating said limited 
longitudinal movement of the probe, said probe mount being supported on said arm by 

10 parallel leaf springs forming opposite sides of a parallelogram mount, wherein 
respective first ends of said springs are fixed to said arm and respective other ends of 
said springs are connected to said probe mount. 

3. A mechanism according to Claim 2 wherein said arm extends 
substantially horizontally and said longitudinal movement is in a vertical direction, 

15 said parallelogram mount maintaining vertical alignment of said probe over a short 
vertical movement of the probe, said springs being tensioned to work against each 
other and produce a net downward force on the probe mount which is substantially 
constant over the distance of travel of the probe relative to the arm. 



flag comprising an upstanding tab on said spring, said sensor being an optical sensor 
that senses said tab moving into or out of alignment with a beam of said sensor. 

5. A mechanism according to Claim 2, 3 or 4 wherein said probe mount is 



6. A mechanism according to any one of the preceding claims wherein the 
other end of said arm is supported at the top of a support column by means of a 
dislocating joint whereby collision forces on the probe or the supporting arm cause 
dislocation of the joint, and said joint including means to facilitate ready relocation 
30 and consequent alignment of the joint. 



4. A mechanism according to Claim 2 or 3 wherein one of said springs 
20 provides both a vertical travel stop and an indicator flag for said sensor, said stop and 



supported against lateral movement to prevent distortion of the springs in the event of 
25 a sideways collision of the probe. 
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mounting and positioning mecl^^m in automated clinical 
laboratory testing instruments, said mechanism including a probe supporting arm 
extending substantially horizontally from the top of a support column, said arm being 
connected to said column by a dislocating joint whereby collision forces on the arm, 
5 or on a probe extending from said arm, cause dislocation of the joint, and said joint 
including means to facilitate ready relocation and consequent alignment of the joint. 

8. A mechanism as defined in Claim 6 or 7 wherein said joint includes flat 
mating surfaces on said arm and said column, respectively, one said flat surface 
having protrusions which locate in spaced recesses in the other said surface to 

10 positively locate the arm relative to the column thereby providing said means to 
facilitate ready relocation and alignment of the joint. 

9. A mechanism as defined in Claim 8 including a spring for maintaining 
location of said joint in normal circumstances. 

10. A mechanism as defined in Claim 8 or 9 wherein said protrusions 
15 comprises two protrusions located in respective said recesses and an adjustable 

protrusion that bears on the other said surface. 

11. A mechanism as defined in Claim 10 wherein one said recess is circular 
whereby the protrusion located therein is restrained against movement in any direction 
and the other said recess is elongated with its longitudinal axis extending in a direction 

20 preventing rotational movement of one plate relative to the other whilst allowing for 
manufacturing tolerances. 

12. A mechanism according to Claim 1 1 wherein a further optical sensor is 
provided to sense said dislocation of said joint. 

13. A mechanism according to Claim 12 wherein said further optical sensor 
25 comprises a beam, and a tab on an extended portion of said upper spring moves into or 

out of alignment with said beam when dislocation of said joint occurs, said extended 
portion being supported on a post at the top of said support column, which post 
normally supports said extended portion but allows said extended portion to drop 
when said dislocation occurs. 
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